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List of Known Compounds/General Methods
All starting materials reported in the manuscript have been previously described in literature and are commercially available. All experiments involving ruthenium were performed using Schlenk or glovebox techniques under argon or nitrogen atmosphere unless stated otherwise. All solvents were purchased at the highest commercial grade and used as received or after purification by passing through activated alumina columns or distillation from sodium/benzophenone under nitrogen. All solvents were deoxygenated prior to use. All other chemicals were purchased at the highest commercial grade and used as received. Reaction glassware was oven-dried at 140 °C for at least 24 h or flame-dried prior to use, allowed to cool under vacuum and purged with argon (three cycles). All products were identified using 1 H NMR and GC-MS analysis and comparison with authentic samples. GC and/or GC/MS analysis was used for volatile products. 1 H NMR and 13 C NMR spectra were recorded in CDCl3 on Bruker spectrometers at 500 ( 1 H NMR) and 125
MHz ( 13 C NMR). All shifts are reported in parts per million (ppm) relative to residual CHCl3 peak (7.27 and 77.2 ppm, 1 H NMR and 13 C NMR, respectively). All coupling constants (J) are reported in hertz (Hz). Abbreviations are: s, singlet; d, doublet; t, triplet; q, quartet; brs, broad singlet. GC-MS chromatography was performed using Agilent HP6890 GC System and Agilent 5973A inert XL EI/CI MSD using helium as the carrier gas at a flow rate of 1 mL/min and an initial oven temperature of 50 °C. The injector temperature was 250 °C. The detector temperature was 250 °C. For runs with the initial oven temperature of 50 °C, temperature was increased with a 10 °C/min ramp after 50 °C hold for 3 min to a final temperature of 220 °C, then hold at 220 °C for 30 min (splitless mode of injection, total run time of 54.00 min) (Method I), or with the initial oven temperature of 50 °C, temperature was increased with a 10 °C/min ramp after 50 °C hold for 3 min to a final temperature of 280 °C, then hold at 280 °C for 30 min (splitless mode of injection, total run time of 54.00 min) (Method II). High-resolution mass spectra (HRMS) were measured on a 7T Bruker Daltonics FT-MS instrument. All flash chromatography was performed using silica gel, 60 Å, 300 mesh. TLC analysis was carried out on glass plates coated with silica gel 60 F254, 0.2 mm thickness. The plates were visualized using a 254 nm ultraviolet lamp or aqueous potassium permanganate solutions. 1 H NMR, 13 C NMR, MS and HRMS data are given for all compounds in the Supporting Information for characterization purposes. 1 H NMR, 13 C NMR, MS and HRMS data are reported for all new compounds.
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Experimental Procedures and Characterization Data
General procedure for the Ru(0)-catalyzed hydroarylation of alkynes. An oven-dried vial equipped with a stir bar was charged with a ketone substrate (1.0 mmol, 1.0 equiv), [Ru(pcym) Cl2]2 (0.025 mmol, 2.5% equiv), PPh3 (0.15 mmol, 15% equiv), sodium formate (0.30 mmol, 30% equiv), 1,2-diphenylethyne (2.0 mmol, 2.0 equiv), placed under a positive pressure of argon, and subjected to three evacuation/backfilling cycles under high vacuum. Toluene (typically, 1.0 mL) was added with vigorous stirring at room temperature, the reaction mixture was placed in a preheated oil bath at the corresponding temperature, and stirred for the indicated time at that temperature. After the indicated time, the reaction mixture was cooled down to room temperature, and concentrated. The sample was analyzed by 1 H NMR (CDCl3, 500 MHz) and GC-MS to obtain selectivity, conversion and yield using internal standard and comparison with authentic samples. Unless stated otherwise, the crude product was purified by chromatography on silica gel. Routinely, GC-MS analysis was used as a complementary method of analysis to confirm the product distribution. Note: Unless stated otherwise, in all examples reported in the manuscript, the observed mono-/dihydroarylation selectivity was >20:1 as determined by GC- equiv, 0.15 mmol), NaHCO2 (20.4 mg, 30% equiv, 0.30 mmol), 1,2-diphenylethyne (0.356 g, 2.0 mmol, 2.0 equiv), placed under a positive pressure of argon, and subjected to three evacuation/backfilling cycles under high vacuum. Toluene (1.0 mL) was added with vigorous stirring at room temperature, the reaction was placed in a preheated oil bath at 160 °C, and stirred at 160 °C for 15 h. The reaction mixture was cooled down to room temperature, and concentrated. The reaction mixture was analyzed by 1 H NMR (CDCl3, 500 MHz) and GC-MS to obtain selectivity, conversion and yield using internal standard. Purification by chromatography afforded the title product (0.293 g). Yield 90.4%. Characterization data are included in the section below.
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Extended Optimization Studies Referred to From the Main Manuscript 
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Ru(0)-Catalyzed Hydroarylation of Alkynes (Table 2) 3,4-Dihydronaphthalen-1(2H)-one ( Table 2 5, 146.1, 144.1, 143.1, 141.8, 137.9, 132.9, 132.6, 131.0, 129.4, 128.6, 128.2, 128.0, 127.2, 126.9, 126.4, 126.2, 39.9, 30.8, 23.2 . MS =
(EI)
. HRMS calcd for C24H20ONa (M + + Na) 347.1412 found 347.1414.
Acetophenone (Table 2, Entry 2)
According to the general procedure, the reaction of acetophenone (1b, 0.120 g, 4, 142.7, 142.0, 140.5, 139.7, 137.2, 132.4, 131.9, 129.6, 129.0, 128.54, 128.52, 128.3, 127.9, 127.8, 127.4, 127.1, 28.9 . MS = 298.1 (EI). HRMS calcd for C22H18ONa (M + + Na) 321.1255 found 321.1256.
2,2-Dimethyl-1-phenylpropan-1-one ( Table 2 5, 142.2, 141.7, 141.2, 140.2, 137.4, 131.8, 131.1, 131.0, 129.7, 128.8, 128.5, 128.2, 127.8, 127.1, 127.0, 126.6, 45.0, 28.2 
. MS = 340.1 (EI).
HRMS calcd for C25H24ONa (M + + Na) 363.1725 found 363.1726.
2-Methyl-1-phenylpropan-1-one (Table 2, Entry 4)
According to the general procedure, the reaction of 2-methyl-1-phenylpropan-1-one (1d, 0.148 g, 1, 140.3, 140.0, 137.3, 132.5, 131.4, 130.9, 129.7, 128.9, 128.4, 128.2, 127.9, 127.8, 127.7, 127.0, 38.3, 19.0 1, 145.1, 142.9, 140.4, 137.5, 136.9, 136.8, 131.1, 131.0, 130.3, 130.0, 129.8, 129.6, 128.9, 128.4, 128.2, 128.0, 127.8, 127.4, 126.8, 126.5, 105.1, 50.4 .
MS = 434.1 (EI)
. HRMS calcd for C30H26O3Na (M + + Na) 457.1780 found 457.1781. 7, 142.7, 142.6, 142.1, 139.9, 137.5, 137.2, 132.7, 129.6, 129.5, 128.6, 128.5, 128.3, 128.2, 127.7, 127.3, 127.1, 28.8, 21.6 . MS = 312.1 (EI). HRMS calcd for C23H20ONa (M + + Na) 335.1412 found 335.1413.
1-(p-Tolyl)ethanone (
1-(4-Fluorophenyl)ethanone (Table 2, Entry 7)
According to the general procedure, the reaction of 1-(4-fluorophenyl)ethanone (1g, 0.138 g, 1.0 1, 141.7, 140.5, 138.9, 137.9, 136.7, 132.1, 130.4, 129.6, 129.3, 128.7, 128.5, 128.1, 128.1, 127.5, 127.4, 28.8 . MS = 332.1 (EI). HRMS calcd for C22H17ClONa (M + + Na) 355.0866 found 355.0868.
1-(4-Methoxyphenyl)ethanone (Table 2, Entry 9)
According to the general procedure, the reaction of 1-(4-methoxyphenyl)ethanone (1i, 0.150 g, 
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GC (Method I): rt = 32.80 min. The title product was fully characterized after hydrogenation using Pd/C (2 mol%), H2 (1 atm) 7, 161.8, 147.3, 145.5, 144.3, 140.2, 131.9, 131.0, 129.4, 128.6, 128.4, 128.2, 126.3, 126.0, 120.0, 115.6, 115.1, 110.1, 55.4, 46.1, 42.5, 29.8 
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Hu and Szostak (Table 2 The title product was fully characterized after hydrogenation using Pd/C (2 mol%), H2 (1 atm 2, 144.7, 140.3, 140.3, 140.2, 135.3, 131.7, 129.4, 129.0, 128.5, 128.4, 128.3, 127.9, 126.2, 126.0, 46.2, 42.4, 30 .1, 21.1. MS = 312.1 (EI). HRMS calcd for C23H22ONa (M + + Na) 337.1568 found 337.1569.
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1-(m-Tolyl)ethanone
3,4-Dihydronaphthalen-1(2H)-one (Table 2, Entry 14)
According to the general procedure, the reaction of 3,4-dihydronaphthalen-1(2H)-one (1a, 0. 197.9, 157.9, 146.6, 145.3, 132.7, 132.2, 129.0, 128.0, 123.9, 40.7, 31.0, 29.6, 23.2, - 5, 144.7, 139.5, 128.8, 123.2, 33.9, 32.6, 26.1, 25.9, -1.0 . MS = 159.1 (EI). 1, 142.6, 140.2, 129.2, 128.5, 128.4, 128.2, 126.5, 126.2, 123.0, 51.1, 45.7, 37.0, 29.0, 19 .0.
HRMS calcd for C22H27NONa (M + + Na) 344.1990 found 344.1990.
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Ru(0)-Catalyzed Hydroarylation of Ketones using RuCl3 Precatalyst
General Procedure: According to the general procedure for C-H activation, an oven-dried vial equipped with a stir bar was charged with 3,4-dihydronaphthalen-1(2H)-one (1a, 0.146 g, 1.0 mmol, 1.0 equiv), RuCl3 (5.2 mg, 2.5% equiv, 0.025 mmol), PPh3 (39.3 mg, 15% equiv, 0.15 mmol), NaHCO2 (20.4 mg, 30% equiv, 0.30 mmol), 1,2-diphenylethyne (0.356 g, 2.0 mmol, 2.0 equiv), placed under a positive pressure of argon, and subjected to three evacuation/backfilling cycles under high vacuum. Toluene (1.0 mL) was added with vigorous stirring at room temperature, the reaction was placed in a preheated oil bath at 160 °C, and stirred at 160 °C for 15 h. After the indicated time, the reaction mixture was cooled down to room temperature, filtered, and concentrated. The reaction mixture was analyzed by 1 H NMR (CDCl3, 500 MHz) and GC-MS to obtain selectivity, conversion and yield using internal standard. Purification by chromatography on silica gel afforded the title product. Yield 81.4%. Characterization data are included in the section above.
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Mechanistic Selectivity Studies -Sterics
General Procedure. An oven-dried vial equipped with a stir bar was charged with two ketone substrates ( with vigorous stirring at room temperature, the reaction was placed in a preheated oil bath at 180 °C, and stirred at 180 °C for 15 h. After the indicated time, the reaction mixture was cooled down to room temperature, filtered and concentrated. The sample was analyzed by 1 H NMR (CDCl3, 500 MHz) and GC-MS to obtain selectivity, conversion and yield using internal standard and comparison with authentic samples. 
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Mechanistic Selectivity Studies -Electronics
General Procedure. An oven-dried vial equipped with a stir bar was charged with two ketone substrates (0.5 mmol, 1.0 equiv each), [Ru(p-cym)Cl2]2 (15.3 mg, 2.5% equiv, 0.025 mmol), PPh3 (39.3 mg, 15% equiv, 0.15 mmol), NaHCO2 (20.4 mg, 30% equiv, 0.30 mmol), 1, 0.25 mmol, 0.25 equiv) , placed under a positive pressure of argon, and subjected to three evacuation/backfilling cycles under high vacuum. Toluene (1.0 mL) was added with vigorous stirring at room temperature, the reaction was placed in a preheated oil bath at 180 °C, and stirred at 180 °C for 15 h. After the indicated time, the reaction mixture was cooled down to room temperature, filtered and concentrated. The sample was analyzed by 1 H NMR (CDCl3, 500 MHz) and GC-MS to obtain selectivity, conversion and yield using internal standard and comparison with authentic samples. MHz) and GC-MS to obtain selectivity, conversion and yield using internal standard and comparison with authentic samples. 
Determination of the Turnover Number
General Toluene (1.5 mL) was added with vigorous stirring at room temperature, the reaction was placed in a preheated oil bath at 160 °C, and stirred at 160 °C for 15 h. After the indicated time, the reaction mixture was cooled down to room temperature, filtered, and concentrated. The reaction mixture was analyzed by 1 H NMR (CDCl3, 500 MHz) and GC-MS to obtain selectivity, conversion and yield using internal standard. Yield 57.4%. Z/E = 88:12. Turnover number = 69.
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Ru ( cycles under high vacuum. Toluene (1.0 mL) was added with vigorous stirring at room temperature, the reaction was placed in a preheated oil bath at 160 °C, and stirred at 160 °C for an indicated time. After the indicated time, the reaction mixture was cooled down to room temperature, filtered, and concentrated. The reaction mixture was analyzed by 1 H NMR (CDCl3, 500 MHz) and GC-MS to obtain selectivity, conversion and yield using internal standard. cycles under high vacuum. Toluene (1.0 mL) was added with vigorous stirring at room temperature, the reaction was placed in a preheated oil bath at 160 °C, and stirred at 160 °C for an indicated time. After the indicated time, the reaction mixture was cooled down to room temperature, filtered, and concentrated. The reaction mixture was analyzed by 1 H NMR (CDCl3, 500 MHz) and GC-MS to obtain selectivity, conversion and yield using internal standard. 
